Introduction
Most flour used for baking purposes comes from wheat. This type of flour can produce dough with a viscoelastic matrix, named gluten, capable of retaining gas and producing thus bread or pastry within the common quality parameters. Moreover, flour milled from corn, rice or some fruits and vegetables can also be used in baking. The doughs obtained from these flours lacks a natural viscoelastic matrix, having generally lower consistency and capability to retain air bubbles, and therefore can be less adequate to meet the general breadmaking requirements. However, these flours are highly appreciated by the people who cannot tolerate gluten, known as celiacs. Moreover, within a specific type of flour, a further classification into different varieties can be done regarding to the final product that the flour is more apt to produce.
The classification of flours into different varieties can be done regarding to strictly flour characteristics, such as the ash and protein content, and also considering the viscoelastic properties of the resultant bread dough. The viscoelastic properties of bread dough can be determined by means fundamental and empirical rheology, which have been extensively reported in the literature [1, 2] .
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To whom any correspondence should be addressed. Ultrasound can also provide relevant information of the flour properties through the analysis of the consistency of the produced bread dough. Acoustic properties of materials are related to their elasticity, consistency and other physical properties. Thus, ultrasound can be regarded as a potential analysis in order to differentiate flour types and varieties. In addition, ultrasound systems are usually fast, relatively cheap and hygienic. Furthermore, previous works shown the feasibility of the ultrasound techniques in order to acoustically determine some relevant properties of both wheat flour [3] and gluten-free [4] dough samples.
In this work, the capability of ultrasound to discriminate different types and varieties of flour has been analysed. That capability of discrimination can be related to the sensitivity of ultrasound to the consistency of the dough samples, which strongly depends on the flour characteristics. One of the types of flour studied were gluten free and the other non-gluten free: rice flour and wheat flour respectively. Within these two types, a set of flour samples intended for different purposes and with diverse physical and quality attributes were tested.
Materials and methods
The experimental set-up is depicted in figure 1 . It consists of a signal generator (HP33120A for the generation of a 3 cycles of sine burst 100 kHz excitation signal), a power amplifier (AG series amplifier, T&C Power Conversion, Inc. Rochester, NY), two ultrasonic transducers with a resonant frequency of 100 kHz (Panametrics-Olympus, Japan) and a digital oscilloscope (LeCroy LT344). The operation frequency of the ultrasound experiments is the same than the resonant frequency of the shear transducers, of 100 kHz. That relatively low frequency, in the low kHz range, is employed in order to reach the smaller possible attenuation. An additional amplifier with 60 dB gain (PanametricsOlympus, Japan) is connected to the receiver transducer so as to amplify the generally weak received signals. A dough sample is placed between the two carefully aligned transducers. The attenuation and velocity of the ultrasound wave is obtained as it is shown in [3] . Moreover, making very accurate measurements was very difficult due to the time-dependent nature of the dough. In order to minimise time-dependence effects on measurements, once the dough sample was placed between both transducers, measurements were always done after a same time (1 minute). Furthermore, fluctuations in the measured parameters were observed within the samples prepared by the same mixing procedures. It was found that sample manipulation during the measurements had a significant effect on repeatability.
The recipe and the preparation procedure of the dough samples are described in [3] for the wheat flour dough samples and in [4] for the gluten-free dough samples.
Experimental results
The sensitivity of the ultrasonic technique to the consistency of dough samples prepared from different types of flours was first analyzed. The ultrasound attenuation and velocity in wheat flour samples with diverse water content, from 50% to 65%, are shown in figure 2. As can be seen, ultrasound attenuation strongly increases and velocity decreases with water content. The dough presents lower consistency and a more liquid-like behavior as the water content increases, leading to a more difficult propagation of the ultrasonic shear waves, which do not propagate through liquids. That arduous propagation of shear waves in relatively low consistency materials generally results in high values of attenuation and low values of velocity. The ultrasound attenuation and velocity were also measured in gluten-free dough samples with diverse level of consistency, attained through the addition of different amounts of soybean protein (SP) to a combination of rice flour and transglutaminase. The addition of SP increase the dough consistency, which results in decreasing values of attenuation and increasing values of ultrasound velocity with SP content, as it is shown in figure 3 . These results agree with the previously commented difficulties of shear waves to propagate through low consistency samples. Moreover, it should be noted that the attenuation values obtained in rice flour samples are generally higher and the velocity values are lower than those measured in wheat flour samples, which agree with the usual lower consistency of rice flour doughs compared to wheat flour doughs, due to the absence of a natural protein viscoelastic matrix in the gluten-free doughs. In order to further study the capability of ultrasound to discriminate flour types and varieties, the individual values of velocity and attenuation for all dough samples are plotted against each other in figure 4 . As can be seen, the flour samples can be clearly separated in two groups, with some diagonal disposition. On one hand, rice flours tend to be situated at the top left corner while wheat flours tend to be situated at the opposite corner. According to this chart, rice flour dough, with comparatively high attenuation and low velocity values, should have lower consistency than wheat flour dough, which is usually right as above commented. Moreover, the same trend can be observed within the group of samples of a specific type of flour. For rice flour, the samples with less SP content, and therefore lower consistency, tend to be placed in the top left corner, with high attenuation and low velocity values, while the samples with more SP content, and consequently higher consistency, are placed in the opposite corner of the group. Likewise, the wheat flour dough with more water content and therefore less consistency are in the top left angle of its group, and the less hydrated dough, with consequently higher consistency, are in the contrary angle. Therefore, the attenuation/velocity ratio could be used as an indicator of the dough consistency, and thus also of the type of flour used.
Figure 4.
Ultrasound measurements for wheat flour dough with different water content (from 50% to 65%) and rice flour dough with different SP addition (from 0% to 6%).
Conclusions
The ultrasonic measurements performed in the dough samples can be clearly separated in two groups depending on the type of flour used, wheat flour or rice flour. Moreover, a general arrangement of the samples within a group of a specific type of flour in function of their consistency can be observed. Therefore, ultrasonic techniques can be seen as a potential low cost tool for flour type and variety discrimination, complementary to conventional techniques, for wheat and gluten-free flour types.
